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Abstract 
In this paper, an even low-magnification by light solar concentrator with the use of the spherical mirror’s refraction is 
designed. The calculation of the concentration ratio and the volume of the concentrator are given, and the 
concentrator on the unit inter-shading problem is discussed. The relationship between incident angle and optical 
efficiency is analyzed, and solar concentrator tracking control mode is designed in this article. The simulation 
experiment results show that this spherical refraction solar concentrator is able to be applied to ensure the condenser 
unit to absorb ray intensity as five times as the ratio one under the conditions of mutual non-shading. 
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1. Introduction 
In recent years, with the growing shortage of energy, solar, wind and other renewable resources is an 
effective means to solve the energy crisis. Solar concentrator improve the power output of unit area of 
solar photovoltaic cells with the method of concentrating, to some extent ,overcoming the dispersion of 
solar energy, greatly reducing the cost of power generation with high practical value. Now commonly 
used condenser method are refraction condenser method (Fresnel lens concentrator) and reflective 
condenser method (parabolic condenser, light funnel condenser, multi-plane condenser) [1]. Fresnel lens 
concentrator method with excellent optical performance, small footprint, but the spotlight is uneven, and 
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difficult to process. Parabolic concentrator method with uniform condenser, simple structure, but multiple 
condenser is not high, covers a large area [2,3]. Using these two types of condenser method to design the 
concentrator exist cases such as: photovoltaic panels have inhomogeneous illumination, concentrator unit 
spacing factor is too large, we can’t directly use direct sunlight under the same area [4]. 
This article discusses the spherical refraction of solar concentrator design principles. The concentrator 
is constituted by the spherical refractor and photovoltaic panels, the spherical mirror can reflect the direct 
sunlight evenly to photovoltaic cells to achieve several times focusing, and covers a small footprint. This 
paper gives the calculation of the concentration ratio and the volume of the concentrator, the concentrator 
on the unit inter-shading problem are discussed and analyzes the solar concentrator tracking control 
method.  
2. Design of spherical refractive solar concentrator 
2.1. The structure of concentrator 
Spherical refractive solar concentrator is constituted by spherical mirror, solar arrays and support 
component, the structure shown in Fig 1. 
 
Fig.1. concentrator structure 
Through the concentrator the incident light parallel to the main optical axis, will be refracted by the 
spherical mirror to the focus F. The side face of the concentrator will be sealed by the plane mirrors, the 
light not directly reflected to the solar panel will be used by one or more reflection to solar cell [5].  
2.2. Optical principle 
Let two uniform, transparent medium of refractive index n, respectively, and n1, the border is a 
curvature radius R of the sphere. If n1> n, the light issued from a point source A, after the E point of 
refraction of the sphere, refraction of light intersected at point A 'with the main axis. 
 
 
Fig.2. refracted image of a single spherical 
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Through a paraxial optical established relationship, can get a single spherical imaging formula: 
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By (1) calculated light road, if the object is located on the axis at infinity, then the object can be issued 
by the parallel beam that is parallel to the optical axis, that is L1 = −∞  . Parallel beam of the sun will be 
gathering at the focus after the spherical refraction, if the focus perpendicular to the beam near the layout 
of solar panels, the refracted beam will be evenly distributed to the photovoltaic array. 
3. Theoretical calculations of spherical refractive solar concentrator 
3.1. Calculation of concentration ratio 
The multiple of increasing energy density by concentrator is called concentration ratio. We often used 
geometric concentration ratio /C Sa St=  to the extent. St is the surface area of light absorption of the 
receiver, Sa is the concentrator’s opening area for receiving sunlight. The structure shown in Fig 1, using 
the integral principle, we can get: 
 
2 2/ 2 / 2 /C Sa St RH r RH rπ π= = =                                                                                      (2)  
By formula (2), we can see the concentration ratio is related to the change of a spherical radius, the 
ball crown height and radius of solar panels. 
3.2. Calculation of the volume of  concentrator 
The surface area of   spherical crown is 2 RHπ , the volume of it is V1; the round table's surface radii 
are R, r, and the height is h1, the corresponding volume is V2.So the volume of concentrator is V which is 
composed by V1 and V2, so: 
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3.3. Concentrator shading analysis  
By formula (1), we can conclude that the volume of concentrator and the concentration ratio satisfy: 
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Volume V and the height of L is a two-dimensional function on radius R and refractive index n1: 
 
1 2( , 1), ( , 1)L fV f n RR n= =                                                                                                        (6) 
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Fig.3. (a) the trend of the volume’s change; (b) the trend of the height’s change  
In practical application process, when choosing a different concentration ratio, in order to make solar 
panels to receive the best light intensity, and the concentrator shading rate is the minimum, should take H 
= R, so that make the smallest concentrator. 
4. Tracking control theory 
When the solar radiation intensity E, light absorption of solar radiation is related to the incident angle 
θ，that is: cosE θ [6]. To improve the utilization of solar radiation, sun angle must be reduced θ; 
using azimuth and elevation angle axis tracking mode, in order to achieve approximately zero angle of 
incidence. Fixed installation of Concentrator shown in Fig 4.  
 
 
Fig.4. location of solar arrays 
ω ,δ ,ϕ , β are the sun time angle ,solar declination angle ,the local geographical latitude and 
concentrator elevation angle, respectively. The general formula for the calculation of the sun's azimuth, 
elevation and angle of the incident rays are [7]: 
 
cos sin sin cos sin cos in cos cos cos cos cos
cos sin sin cos cos cos sin sin sin
θ δ ϕ β δ ϕ β γ δ ϕ β ω
δ ϕ β ω γ δ β γ ω
= − +
+ +                  (7) 
This paper analyzes the different angle of incidence on the optical efficiency for the spherical 
refractive solar concentrator deigned in this article, simulation results shown in Fig 5. 
Fig 5 shows the light incidence angle is 0.5o, the solar cell receives light energy can be achieved in 
97.0%. Light incident angle is 1othe received light energy remained at 92.5% or more. Sun azimuth 
change per minute about 0.25o, if the photovoltaic system on the light energy received by the provisions 
of the volatility of 97.0% or 92.5%,it can be every ± 0.5o, ± 1o to adjust the light angle of a concentrator, 
you can set tracker 4 minutes, 8 minutes action time. 
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Fig.5. the relationship between incident angle and optical efficiency 
5. Simulation 
After several experimental tests of different intensity, in the absence of concentrating conditions, the 
solar cell receiver rated light intensity 1.0kW/m2, the measured power output of solar cells for the 
0.0396kWh; in the concentrating conditions, the solar cell output capacity is 0.1980 kWh, consumption of 
the servo drive mechanism 0.0036kW/m2, the actual power generation capacity 0.1944kWh. 
Experimental results show that under the conditions of concentrating photovoltaic power generation 
system is close to 5 times when without concentrating. 
6. Conclusion 
In this paper, a even low-magnification solar concentrator with the use of the spherical mirror’s 
refraction is designed.The calculation of the volume of concentrator and concentration ratio is given, and 
the inter-shading between the concentrator is discussed. The concentrator has a simple processing, low 
cost, can easily reach the effect of concentrating more than 5 times. According to the relationship between 
the sun incident angle and the optical efficiency of solar panels, solar concentrator tracking control 
method is designed to achieve the desired effect of concentrating. 
References 
[1] XU Zhilong,LIU Judong,FENG Peifeng. Research on a butterfly concentrator for photovoltaic generation [J]. ACTA 
ENERGIAE SOLARIS SINICA, 2007;28(2):p.174-177. 
[2] MA Juxia,NING Duo.Developments in zigzag parabolic like for solar energy system[J]. ACTA ENERGIAE SOLARIS 
SINICA, 2004;25(5):p.643-646. 
[3] DOU Wei, XU Honghua, LI Jing. Analysis of solar PV tracking system [J]. ACTA ENERGIAE SOLARIS SINICA, 2007; 
28(2):p.169-173. 
[4] TAPAS K,Mallicka,Philip C.Eames,Brian Norton. Power losses in an asymmetric compound parabolic photovoltaic 
concentrator [J]. Solar Energy Materials & Solar Cells, 2007(91):p.1137–1146. 
[5] ZHENG Hongfei,TAO Tao, HE Kaiyan.The several method and result comparison of increasing the maximum concentration 
angle of compound parabolic concentrator[J]. JOURNAL OF ENGINEERING THERMOPHYSICS, 2008;29(9):p.1467-1470. 
[6] WANG Jianping, ZhANG Lei. A study for the design of double-reflective multi-mirror solar collector [J]. ENERGY 
TECHNOLOGY, 2009;30(3):p.157-161. 
 [7] ZHANG Haiyan, ZHANG Chongwei,WANG Jianping. Study of the harmonic control method to obtain the max irradiation 
of solar energy photovoltaic system in multi-class focusing solar radiation [J]. ACTA ENERGIAE SOLARIS SINICA, 2008; 
29(11):p.1138-1143. 
